The present study was carried out at a private farm located in Bohout Village, Nabaroh District, Dakahlia Governorate, Egypt to assess the influence of different amounts of applied irrigation water, different types of antitranspirants and their interactions on vegetative growth parameters ( i.e, plant fresh and dry weights, plant length, number of leaves and Leaf area), leaf chemical constitutes ( i.e, N, P, K percentage as well as total Chlorophyll (a+b) content and leaves proline content) and seed yield and quality ( i.e, seed yield plant -1 , plot -1 , feddan -1 , weight of 100 seeds and seed germination percentage) of squash plants (Cucurbita pepo L.) during the two successive summer seasons of 2012 and 2013 under drip irrigation system. The experiment included fifteen treatments resulted from the combination of three irrigation water levels (100%, 80%, 60% from ETc) and five antitranspirants (kaolin, CaCO 3 , MgCO 3 , green miracle and tap water (control)). The obtained results showed that irrigation with 100% from ETc was the best irrigation treatment and the negative impact of drought appeared on studied characteristics with decreasing water supply to become more serious under irrigation with 60% from ETc. The frequent foliar application of antitranspirants played a remarkable role in alleviating the hazard of drought stress. However, all antitranspirants had promotive effects, kaolin foliar application gave the best results on all studied characteristics. It improved vegetative growth, leaf chemical constitutes and increased seed yield and quality parameters under both non-stress and stress conditions. Moreover, Kaolin treated plants irrigated with 80% from ETc performed better even than untreated plants irrigated with 100% from ETc. According to findings of the current study, summer squash can be protected from the negative consequence of the drought by frequent foliar applications of reflective antitranspirants such as kaolin, as it proved to recover the growth as well as seed yield quality under water limitation conditions.
INTRODUCTION
In Egypt, squash (Cucurbita pepo L.) is one of the most popular vegetable crops grown for local consumption or exportation .It is one of the most important vegetable crops of the family cucurbitaceae. Egypt produced 212902 ton of squash from agriculture area about 26104 fedden with an average of 8.156 ton fed. -1 (Economic Affairs Sector, 2017) . Egypt faces a problem in the irrigation water resources because its water budget is fixed, so the main step of the Egyptian government strategy is saving irrigation water and increasing agricultural productivity from unit area with the minimum irrigation water level. Due to the expansion of agriculture, water becomes a scarce commodity, thus taking measures for water conservation are important. The poor irrigation can result in the development of crop water deficit and lead to a reduced yield because of nutrient and water deficiency. The depth of roots of squash plant is shallow and sensitive to water shortage which may damage fruits and roots of squash plant (Sadik and Abd El-Aziz, 2018) . Also, In this concern many investigators indicated that decreasing irrigation water levels caused significant decreases in summer squash growth and yield, while medium supply of irrigation water improved plant growth and yield (Abd El-Mageed and Semida, 2015; Sadik and Abd El-Aziz, 2018) ). Chemical manipulation of transpiration by antitranspirants represent a potential option (Gaballah and Moursy, 2004) . Antitranspirants are chemicals substances that are sprayed on surfaces of transpiring plants to reduce water use by suppressing transpiration. Several researchers stated that antitranspirants not only alleviate the water loss but also enhance the disease resistance, physiological process, yield and quality aspects in many vegetable crops (Koteswara Rao et al., 2018) .
Kaolin has been shown to have useful influences on the plants growth, especially under dry conditions. Kaolin application as a foliar spray was found to decrease leaf temperature due to increase leaf reflectance, reduce transpiration rate and improve metabolic process in plants grown under water stress (Cantore et al., 2009; Ibrahim and Selim, 2010) Calcium carbonate (CaCO   3   ) as antitraspirant based on stomata close is active in water limited environment which acts on stomatal opening regulation in an ABAdependent way (Iriti et al., 2009) .
Magnesium carbonate (MgCo 3 ) is an antitraspirant that closes stomata and therefore influence metabolic processes in leaves tissues (Khalil et al., 2012) .
Green miracle is an antitranspirant ( contains total amino acids not less than 3 %, fatty alcohol 80%, other neutral alcohol 10%, emulsifier and stabilizers 7% ) was shown to have a favorable effects on plant growth under stress conditions (Abdel-Aziz, and Geeth, 2017 ) Nowadays, Egypt faces a problem in the production of vegetable seeds and the Modern Egyptian Agricultural Strategy 2030 is aiming to decrease the importation of vegetable seed to save the hard currency by increasing seed yield of vegetable crops. So, the present research was carried out to study the effects of irrigation water levels and the potential of some antitranspirants (i.e, kaolin, CaCO 3 , MgCO 3 and green miracle) on plant vegetative growth parameters, leaf chemical constitutes, seed yield and quality of summer squash under water deficit condition.
MATERIALS AND METHODS
To achieve the goal of this investigation, two field experiments were carried out at a private farm located in Bohout Village, Nabaroh District, Dakahlia Governorate, Egypt, during the two successive summer seasons of 2012 and 2013. The effect of three different levels of applied irrigation water (100%, 80%, 60% from ETc) and five foliar applications of antitranspirants (i.e, kaolin 2%, CaCo 3 2%, MgCo 3 2%, Green miracle 3 ml.L -1 and Control) and their interactions on squash plants (Cucurbita pepo L.) "cv. Eskandrani" vegetative growth parameters, leaf chemical constitutes and seed yield and quality under clay soil conditions. Fifteen treatments were arranged in a split plot design in a randomized complete block design, the irrigation levels represented the main plots while the antitranspirants were allocated in the sub-plots. Each treatment was replicated three times. Thus, the total number of experimental units used for each season were 45. The experimental unit area was 40 m 2 and each plot included two ridges (ridge was 1.6 m in width and 12.5 m length).
After 15 days from sowing date, irrigation water treatments i.e, 100%, 80%, 60% from ETc were started. The irrigation water requirement was calculated according to Food and Agricultural Organization (FAO) Penman-Monteith (PM) procedure, FAO 56 (Allen et al.,1998) . The antitranspirants were sprayed three times (after 15, 30 and 45 days from sowing).
Before planting, surface soil samples (0-30 cm) were collected from the experimental area and analyzed according to Dewis and Fertias (1970) as shown in Table ( 1). All agricultural operations were performed according to the traditional local agriculture management practices. Dry seeds of squash "cv. Eskandrani" was sown immediately in the moderately moist soil on one side of the ridges at 50 cm apart on 15 th and 17 th March in both summer seasons, respectively. Irrigation water treatments were started 15 day after sowing. The plants were irrigated using drip irrigation system (drip tubing GR type, 16mm diameter with 50 cm emitter spacing built in delivering 4 L/h), where the irrigation was carried out every day. During soil preparation, farmyard manure was applied at the rate of 20 m 3 fed -1 . The chemical fertilizers were used as recommended by Egyptian Ministry of Agricultural. Plant samples were collected for vegetative growth characteristics measurements. Fruits harvest started on May 1 st , harvested twice by hand for fresh consumption then fruits were left on plant to physiological maturity stage for seed production purpose. Recorded Data 1-Five plants were randomly chosen from each treatment after 50 days from sowing in the two seasons for measuring vegetative growth parameters of squash plants , i.e, plant fresh and dry weights (g plant -1 ), plant length (cm), number of leaves plant -1 and Leaf area (cm 2 plant -1 measure according to Koller, 1972) .
2-leaf chemical constitutes, i.e, Chlorophylls content(a+b)
were determined according to the methods described by Goodwine (1965) . as well as, nitrogen was determined according to Pregle (1945) . Phosphorus was determined according to Jackson (1967) . Potassium was determined according to the methods of Hammerschmidt et al. (1982) and leaves proline content was determined according to the methods of Bates et al. (1973) . 3-Seed yield and quality, i.e, seed yield plant-1, plot-1, feddan-1, weight of 100 seeds and seed germination percentage which, were recorded (form fully mature fruits after harvesting and cleaning by the end of the growing season). Seed germination percentage was determined according to ISTA, 2011. Data were statistically analyzed according to Gomez and Gomez (1984) using CoStat (Version 6.303, CoHort, USA, 1998 . Means of treatments were compared using Duncan Multiple Range test at 0.05% probability according to Duncan (1955) .
RESULTS AND DISCUSSION

1-Vegetative growth parameters
The results in Table ( 2) show the effect of different levels of irrigation water, foliar spraying with antitranspirants and their interactions on fresh and dry weights ,plant length, No. of leaves and leaf area of squash plant at 50 days after sowing during both seasons of the experimentation.
Effect of irrigation water quantities
As shown in Table ( 2) different amounts of applied irrigation water (100, 80, and 60% from ETc) pronouncedly affected the fresh and dry weights, plant length, No. of leaves and leaf area of squash plant during both seasons of experimentation. The values of all aforementioned traits were significantly decreased, except dry weights, with the decrease of irrigation water amount, where the highest values were realized when the plants irrigated with 100% from ETc followed by 80% from ETc and lastly 60% from ETc , respectively
The highest values of shoot dry weights were realized when the plants irrigated with 60% from ETc followed by 100% from ETc and lastly 80% from ETc , respectively.
Effect of foliar antitranspirants
The obtained results in Table ( 2) reveal that all studied antitranspirants(kaolin, CaCO 3 , MgCO 3 and green miracle) had a significant increase in the fresh and dry weights , plant length, No. of leaves and leaf area of squash plant during both seasons. Spraying kaolin 2% was superior treatment regarding the aforementioned traits of squash plants compared with other treatments and untreated plant (control), followed by MgCo 3 2%.
Effect of the interactions
The present results in the same table indicate that the interaction effect between irrigation water levels and foliar spraying applications was significant. For the fresh and dry weights, plant length, No. of leaves and leaf area of squash plant, the highest values were recorded with irrigation treatment 100% from ETc and foliar application of kaolin 2%, while the lowest values were recorded with irrigation treatment 60% from ETc and untreated plants (control) (tap water). This trend was found for the two studied seasons.
In this connect, spraying squash plants with kaolin under irrigation with 80% from ETc gave better results than untreated plants under irrigation with 100% from ETc. Also, the values of all previously measured parameters were significant increased under irrigation with 80% from ETc and spraying with MgCo 3 as compared with plants irrigated with 100% from ETc and sprayed with tap water (control). This trend was found under both studied seasons. Similar results were obtained by Ertek et al. (2004) and Ibrahim and Selim (2010) on squash and Abdel-Aziz and Geeth (2017) who found that the application of Green miracle to pea plants resulted in increases in growth parameters.
The obtained increment values of squash plant vegetative growth parameters with increasing irrigation water levels may be due to that water is intrinsic factor in plant life and water deficit is one of the major abiotic stresses, which adversely affects plant growth and metabolic functions, one of those is either loss or reduced synthesis of photosynthetic pigments and in turn resulting in declined light harvesting and generation of reducing powers, which are a source of energy for dark reactions of photosynthesis. These changes in the amount of photosynthetic pigments are closely associated to plant biomass yield (Abdul Jaleel et al. 2009 ).
Generally, the positive effect of spraying antitranspirants on squash plant vegetative parameters may be due to reducing the rate of transpiration and alleviate the harmful effect of water stress on metabolic processes in leaves tissue. The application of kaolin 2% gained superiority in plant growth parameters as compared to other used antitranspirants during the two growing seasons due to decrease leaf temperature and increase leaf reflectance, reduce transpiration rate and improve metabolic process in plants grown under water stress, strong protection against downy mildew, increasing water use efficiency and capacity of kaolin to enhance net photosynthesis ( Wafaa, 2002; Erez and Glenn, 2004; Cantore et al., 2009; Ibrahim and selim, 2010) 1876 .7 K 243.93 GH 258.00 GH 38.10 M 39.70 M 19.25 I 20.01 J 2310 .3 N 2319 .3 N Kaolin 2% 2176 .3 G 2260 .0 G 260.23 A 276.00 A 48.13 G 50.07 G 27.08 D 28.15 D 3117.7 G 3129.7 G CaCO 3 2% 1895 .3 J 1968 .7 J 246.37 FG 260.67 FG 42.47 K 44.20 K 22.46 G 23.35 GH 2621 .0 L 2631 .0 L MgCO 3 2% 2080 .0 H 2160 .3 H 256.90 AB 272.00 ABC 45.00 I 46.83 I 24.38 EF 25.35 EF 2869 .0 J 2880 .7 J Green miracle 3m L -1 1990 .3 I 2067 .3 I 252.70 BCD 267.67 CDE 40.67 L 42.30 L 20.79 H 21.62 I 2750 .7 K 2761 Means followed by the same letter within each column do not significantly differed using Duncan's Multiple Rang Test at the level of 5%.
2-Chemical Constituents in Squash leaves
Data illustrated in Table ( 3) show the impact of different amounts of applied water, different types of antitranspirants and their interactions on some chemical constituents in squash leaves in expression of N, P and K percentage as well as total chlorophyll (a+b) and leaves proline contents for squash plants grown under drip irrigation system during 2012 /2013 seasons.
Effect of irrigation water quantities
For the individual effect of irrigation levels, data in Table ( 3) indicated that different amounts of applied irrigation water significantly affected the N, P , K percentage, total chlorophyll (a+b) and leaves proline content of squash leaves, where the values of aforementioned traits, except proline content, were significantly decreased with the decrease of irrigation water amount. In this connect, the highest values of the N, P, K percentages and total chlorophyll (a+b) in squash leaves were realized when the plants were irrigated with 100% from ETc followed by 80% from ETc and lastly 60% from ETc. On the contrary, for proline content in squash leaves, the values were significantly increased with the decreasing irrigation water level, where the highest values were realized when the plants irrigated with 60% from ETc followed by 80% from ETc and lastly 100% from ETc. Such effect was the same during the two seasons of the study.
Generally, irrigation treatment of 60% from ETc recorded the lowest values of N,P,K percentage and chlorophyll (a+b) and this may be due to that water stress which limits the plants ability for nutrients uptake of such elements.
Effect of foliar antitranspirants
Regarding the effect of antitranspirants foliar spraying on aforementioned traits, obtained results in Table  ( 3) indicate that the kaolin at 2% recorded the highest significant values of the N, P , K percentage and total chlorophyll (a+b) in squash leaves compared with other foliar antitranspirants in this respect. Concerning chlorophyll (a+b), foliar spray of kaolin and MgCo 3 recorded the highest values compared with other foliar antitranspirants without significant difference between both materials. While the lowest values was found with untreated plant (control treatment). On the contrary, the highest value of proline content in squash leaves was recorded with control treatment , while the lowest value was recorded at (Kaolin) treatment, where the treatments sequence from less to top was the (Kaolin) > (MgCO 3 ) > (CaCO 3 ) > (Green miracle) > control (tap water). These results were true in the two seasons of the experiment.
Effect of interactions between irrigation water treatments and foliar antitranspirants
The obtained results in the same table show that the interaction of the different treatments had a significant impact on the percentages of the N,P, K, total chlorophyll (a+b) and proline content determined in the squash leaves , where the highest values of N, P, K percentages and total chlorophyll (a+b) content of squash leaves were obtained with squash plants irrigated with 100% from ETc and sprayed with Kaolin 2%, while the lowest values were recorded with applied water at 60% from ETc and treated with tap water (control). Also, treating squash with kaolin 2% was superior under all irrigation water levels in comparison with other interaction treatments.
Generally, for the proline content in squash leaves, under all foliar spraying antitranspirants, the values of proline content in squash leaves were decreased as compared to the untreated plant (control) under all irrigation levels. The highest values of proline content in squash leaves were recorded under 60% from ETc and sprayed with tap water (control), while the lowest values were recorded with plants irrigated with 100% from ETc and sprayed with kaolin 2%.
Spraying squash plants by kaolin 2% and MgCO 3 2% under irrigation with 80% from ETc gave better results than untreated plants under irrigation with 100% from ETc .These results are supported by the findings of El- Afifi et al. (2013) and Kamal (2013) who showed a significant superiority of adding kaolin on the N,P,K percentage in eggplant and bell pepper leaves.
3-Seed Yield
Results presented in Table (4) show the impact of different amounts of applied water, different types of antitranspirants and their interactions on seed yield and some quality parameters of summer squash plants in expression of seed yield plant -1 , seed yield plot -1 , seed yield feddan -1 , average weight of 100 seeds and seed germination percentage under drip irrigation system during 2012 /2013 seasons.
Effect of irrigation water quantities
For the individual effect of irrigation levels, results in Table (4) indicated that different amounts of applied irrigation water pronouncedly affected the seed yield plant -1 , seed yield plot -1 , seed yield feddan -1 , average weight of 100 seeds and seed germination percentage of squash plants, where the were values significantly decreased with the decrease of irrigation water amount. In this connect, the highest values of the aforementioned traits were realized when the plants irrigated with 100% from ETc followed by 80% from ETc and lastly 60% from ETc. Such effect was the same during the two seasons of the study.
Effect of foliar antitranspirants
Results in Table (4) show also the individual impact of some foliar spraying antitranspirants on seed yield plant -1 , seed yield plot -1 , seed yield feddan -1 , average weight of 100 seeds and seed germination percentage of squash plants and indicated that the kaolin at 2% recorded the highest significant values of aforementioned traits compared with other treatments in this respect. Spraying MgCo 3 or green miracle came in the second order. While, CaCO 3 and control plants gave the lowest values and came in the third order. This trend was found for the both study seasons. 
